






















transplants and seedlings should have been greater in the
absence of other limiting factors, such as light availability.
Furthermore, patches of M. spicatum have persisted on
Susquehanna Flats since at least the 1960s, and V. americana
was always present and often abundant along the area’s
shoreline (Bayley et al. 1978; Kollar 1989). Presumably,
these populations could have served as propagule sources for
new plants. Therefore, we suggest that inadequate growing
conditions are a more likely explanation for lack of SAV
regeneration following their historic decline.

Another variable that warrants consideration is the trend
of increasing growing season mean temperature, which
continues to rise at 0.1uC per year (Table 2). Global
warming is already causing temperature stress and diebacks
for SAV species that prefer cold water, such as eelgrass,
whose optimal temperature ranges from 10uC to 20uC
(Nejrup and Pedersen 2008). For many freshwater SAV
species, however, elevated water temperatures that are still
within physiological tolerance ranges tend to promote
increased plant production (Barko and Smart 1981).
Because the optimal temperature for the dominant species
at Susquehanna Flats exceeds 30uC (Van et al. 1976),
warmer water could increase production. From 1984 to
1992, water temperature during the SAV growing season
never exceeded 30uC; yet, between 1993 and 2010, 10–15%
of water temperature measurements were greater than
30uC. Because, however, SAV were historically abundant in
the upper Chesapeake Bay before this recent warming
trend, we suggest that other factors were more important in
driving the sudden SAV resurgence.

Future implications—These processes and patterns are not
unique to Susquehanna Flats. Instances of nonlinear
temporal trends in submersed plant systems have been
suggested for the Dutch Wadden Sea (van der Heide et al.
2007) and U.S. mid-Atlantic Coastal Bays (Carr et al. 2010),
as well as for shallow lakes in the United States (Carpenter
et al. 2001) and Northern Europe (Scheffer et al. 1993).
Whereas the variables affecting SAV systems may differ
according to particular geographic features and plant
species, the underlying mechanisms driving system dynamics
are broadly relevant to our understanding of ecological
change and can help guide SAV management. External
perturbations that can shock a system are typically
stochastic. However, the controlling variables that affect
an ecosystem’s resilience, or ability to withstand disturbance,
are frequently related to anthropogenic activity (Walker
2004). Management efforts should consider dynamic inter-
actions, which may include threshold effects, between SAV
and relevant controlling variables. Particularly in light of
predicted future increases in weather extremes, which are
often the source of external perturbations, maximizing
resilience by minimizing chronic anthropogenic stressors
should be a core goal in the conservation of SAV ecosystems.
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